An analysis of acoustic streaming in a two-dimensional waveguide having slowly varying height is presented. Special attention is paid to waveguides with cross sections that are small compared to the acoustic and/or wall wavelengths. It is shown that the dynamic behavior of the enclosed fluid can be parameterized by the values of three small parameters, e, l/S, and l/R, where e is the ratio of the typical duct height Ho to the wall wavelength Lo, 1/S is the ratio of the typical oscillatory particle displacement Uo/rO to the typical duct height Ho and 1/R is the ratio of the oscillatory boundary layer thickness 1• to the typical duct height Ho. An analytical solution describing the streaming flow in the duct is given in terms of a regular perturbation sequence in e. It is shown that the oscillatory pressure must satisfy the lossy Webster horn equation to O {e 2) if the no slip boundary condition is to be satisfied. Outside the boundary layer it is shown that the time averaged slip velocity is the sum of two terms. The first term is proportional to the product of the incident and reflected wave amplitudes. The second term is proportional to the difference between the incident and reflected acoustic intensity of the wave. For small values of l/S, l/R, and ethe streaming solution given is shown to be valid until eR/S 2 becomes of O(1).
Secomb on the other hand stated that Rayleigh's result is valid to R/S 2 = O{oo) if the acoustic wavelength is large compared with respect to the height of the tube. However, neither of these amplitude bounds is completely correct for the problem we will address here. In obtaining each of these amplitude bounds, both investigations omitted two important parameters, namely, the acoustic wavelength and the wall slope.
In this paper, we will be concerned with the steady flow induced by the harmonic excitation of a fluid in a rigid twodimensional waveguide {see In Sec. I we will make a brief statement of the equations of motion in dimensional form. We will also discuss the issues involved in sound generated flow. It will be shown that acoustic streaming is driven by the gradient of the Reynolds stress, p V,. V•. Section II will be devoted to developing the nondimensional equations which govern fluid motion in a two-dimensional waveguide, in the long wavelength limit.
Upon nondimensionalization we will show that in a waveguide the fluid's behavior is parameterized by the numerical value of three dimensionless parameters $, R, and e where $ is the Strouhal number, R the oscillatory Reynold's number, 'and e is the ratio of the duct height to wall wavelength. We will assume that both unsteady arid steady variables can be represented by truncated geometric sequences in e. These sequences are By substituting these sequences into the nondimensional equations given in Sec. II and equating like terms in e, we obtain a set of partial differential equations governing the values of the coefficients. In Sees. III-VI we will present the solution for the coefficients of the aforementioned asymptotic sequence.
In Sec. VII we will parameterize the region of validity of our perturbation solution. We will show that our solution under the restriction of large R and $ and small e is valid to R/5' 2 = O (l/e). Hence, the amplitude bounds obtained by Wang 4 and Secomb 5 represent the limiting value of the streaming Reynolds number as e tends to one and zero, respectively.
I. STATEMENT OF THE EQUATIONS OF MOTION
In this section we will state the equations of motion for a viscous fluid. Simplification of the exact equations will be made. The conditions under which the approximate equations are valid will be denoted explicitly. If the frequency of excitation is sufficiently low the loss of acoustic power per unit volume is small. For this reason the mass flux contributed by the divergence of the acoustic intensity will be neglected in our analysis. Hence, streaming generated by the loss of acoustic energy in the bulk will not be addressed in this paper. The second term then becomes T(P-Po•' V. We will assume that the divergence of 
The statemen.t of conservation of mass in

= [(v -V). v(v -V)-( v -9). v(v -9) + (v -v). vv + v.v(v -v)].
II. NONDIMENSIONALIZATION OF THE EQUATIONS OF MOTION
In this section we will present a scheme for nondimensionalizing the equations of motion. The resultant nondimensional set of equations will govern the acoustic wave propagation and streaming in a duct with slowly varying height.
Consider a two-dimensional waveguide having a height which varies slowly with X (see Fig. 1 Hence, we will express fluctuations in time using a long time scale. We will set the nondimensional time t equal to co T. 
III. THE ZEROTH COEFFICIENT
The zeroth order equations of oscillatory motion are ito + Pox = 1/Ruoyy ,
Uox -I-Vo• = --k 2po , 
and ( 1/S )( UoUox + you% ) + P,x = (1/RS )•,•,
p,• =0, 
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4•y = e-"Y[2 sin(ay) + cos(ay) + e-"Y/2] + e-"Y[2 sin(a•) -cos(a•) + e-"•/2] + (2/ah){e-"Y[ --cos(ay) + sin(ay)]} + (2/ah){e-"a [ --cos(a•)+ sin{a•)] } --(2/h )y[e -'•' cos{ay)-cos{a•)e -"•] , ' r)2y = e-'•'[sin{ay) + e-"Y/2] + e-"•[ --sin(a•) + e-"•/2 ]+ {2/ah ){e-"•'[cos{ay)+ sin{ay)] + e-"Y[cos(a•)+ sin{a•)]} ah' h' e -•Y[cos(ay) -sin(ay)] -2 -•-[ e -•y sin{ay) + e -ay sin{a•)] h '
The variable • must be determined by first solving for • and applying the boundary conditions to the result. The first bejetlike (see Fig. 3 ). There is a steady outflow directed along the centerline of the duct and an inflow at the duct boundaries.
The aforementioned result seems to be in direct opposi- 
VII. REGION OF VALIDITY OF THE PERTURBATION
SOLUTION
The region of validity of our analysis can be parametrized by "critical values" of the oscillatory Reynolds number R, Strouhal number $, and the wavelength parameter e. ,In this section we will present a graphical representation of this region. We will show how the critical value of the streaming Reynolds number relates to all three of the aforementioned parameters.
Recall that in solving for the streaming velocities, we assumed that R and $ had large fixed values. By holding these parameters fixed we were able to express the streaming motion terms of a regular perturbation sequence in e. 
